The implications of these results for understanding the catalytic behaviour of CS-NPs are briefly discussed. 
Experimental methods.
The synthesis of Au-Pd core-shell (CS) nanostructures was performed using the following high purity reagents: gold (III) chloride trihydrate (HAuCl 4 ·3H 2 O, 99.9%), palladium chloride (PdCl 2 , 99.9999%), sodium citrate dehydrate (C 2 H 5 Na 3 O 7 ·2H 2 O, 99.5%) and L-ascorbic acid (C 6 H 8 O 6 , 99.7%). Milli-Q water (18.2 MΩ cm) was used to prepare the solutions. Gold nanoparticles of 19 nm diameter were prepared by the colloidal method [5, 6] , reducing HAuCl 4 in the presence of sodium citrate. The one step method consisted of adding 10 ml of 1% trisodium citrate to 190 cm 3 of 2.5 x 10 -4 mol dm -3 HAuCl 4 ·3H 2 O under reflux and strong stirring. The reaction was allowed to reflux for 1 hour. The preparation method of Au-Pd core-shell nanoparticles is similar to the method previously reported [7] , base on a two step process initiated by the nucleation of Au particles. The second step involves the epitaxial deposition of ultrathin Pd onto as-grown Au seeds via reduction of H 2 PdCl 4 in the presence of ascorbic acid. The Pd precursor (H 2 PdCl 4 ) was prepared by mixing PdCl 2 and HCl. Pd thickness can be effectively tuned by varying the amount of 0.1 mol dm -3 H 2 PdCl 4 , added to 50 ml solutions of Au nanoparticles under vigorous stirring. Then, the solution was cooled to 0°C in an ice bath; this step is followed by adding an excess amount of L-ascorbic acid (0.1 mol dm -3 , 6 ml) drop wise, during 1 hour, in order to avoid the formation of isolated Pd clusters. The mixture was stirred for another 30 minutes to ensure a complete reduction of H 2 PdCl 4 . The volume of Pd precursor (H 2 PdCl 4 ) was adjusted in order to modify Pd thickness from 1 to 10 nm. The solution colour turned from red to brown, indicating that Pd grows on Au cores with different Pd thicknesses.
The synthesized CS-NPs were examined by Philips EM430 TEM operating at 200kV. Samples for TEM images were produced by placing 10 µl drops on a carbon coated copper grid of 3 mm diameter. Excess solution was absorbed by filter paper and the sample was dried in air at room temperature. Images and selected area electron diffraction patterns (SADPs) were recorded using a Philips EM430 TEM operating at 200kV. Figure 2a ,b illustrate images of CS-NPs with an atomic percentage of 80% Pd. Bright field images taken in weakly diffracting conditions (not shown) displayed a discrete dark core (Au, which is the higher atomic number material) and a lighter shell. Images taken under strongly diffracting conditions, as in Figure 2 , showed strong diffraction from both the core and shell regions indicating an epitaxial relationship between the Au and Pd. The bright field image (Figure 2a ) shows moiré fringes in the region where the core and shell overlap, suggesting that the Pd has relaxed from the pseudomorphic state expected at very low Pd thicknesses. The dark field image (Figure 2a ) shows a complex fringe pattern as expected from the displacement field illustrated in Figure 1 . It is also apparent from Figure 2 that irregularities in the particle shape partially reflect those in the inner core, suggesting that the Pd coating is fairly uniform in thickness. To avoid this problem, we have examined two-beam SADPs from individual CS-NPs, which are oriented to maximise diffraction from the particle centres. Under these conditions, we expect diffraction to be relatively sensitive to the in-plane strain, and to be less sensitive to the out-of-plane strain which affects displacements in the diffracting planes towards the edge of the particles; these planes will be partially bent away from the strong diffracting condition as seen in the schematic diagram in Figure 1 . A series of two-beam SADPs for Pd atomic percentages, i.e. 20 %( CS1), 40% (CS3), 60% (CS5) and 80% (CS10), are shown in Figure 4 . This confirms the epitaxial relationship, with the Pd and Au spots, indicated by lines (Pd is the outer spot) predominantly diverging along the line of the g-vector. As the Pd content increases, the Pd diffraction spots become relatively brighter as expected. The divergence between Pd and Au spots increases with Pd content, indicating a progressive relaxation of strain in the Pd with layer thickness. Tails on the Pd spot in directions obliquely inclined to the g-vector indicate strain relaxation on differently inclined facets. The Pd lattice strain (ε) as a function of the shell thickness is displayed in figure 5 . To a first approximation, the experimental results can be rationalized within the framework of the so-called Matthews Theory for the misfitthickness relationship in thin films, shown by the dotted line [9] . Pd-Au thin films are also known to follow the Matthews theory closely [10] . 
Results and discussion.

